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Tomorrow. In farming, with all its 
hectic daily chores and decisions, we look 
forward to tomorrow. Tomorrow the 
spare part will come in; the ground will 
be ready to work; the wheat will be ready 
to cut. 
Tomorrow the market will be better. 
Tomorrow we will be able to grow our 
crops and livestock at optimum (optimum, 
not maximum) production and move our 
surpluses easily through international 
channels to the truly hungry. And we will 
not be easy targets for any ignorant "city 
cousin" or third-world despot. 
That tomorrow may not come the next 
time the sun rises, not the tomorrow of 
that long-awaited spare part, certainly 
not the day of a free flowing international 
market. Today we are stuck with 
surpluses of nearly every commodity we 
produce. I personally know how 
discouraging it is to estimate input costs 
against expected benefits. 
As bad as times are, what are we 
doing at your South Dakota Experiment 
Station? Aren't we turning out more and 
more high producing varieties, finding 
ways to control seed weevils that will 
increase sunflower yield, urging you to 
choose replacement heifers scientifically 
to increase herd profit? How can we 
justify research programs like these in a 
day when currerit surpluses suggest that 
Director's 
comments 
Given today's surpluses, should .. 
research stop, take a breather? 
Answer: No, absolutely not! 
no more reearch is needed? Here's our 
answer . 
Our boundaries aren't fence lines or 
even state borders. The commodities we 
grow are important food and feed stocks 
-
worldwide. We have overflowing bins, A 
whole sections without fa rmhouses, W 
declining school enrollments? That is just 
not the norm for the rest of the world. 
Population pressure is enormous in other 
countries. World food production must 
double within 35 years just to keep up. 
Insects and diseases don't stop; we 
must keep ahead of them, for they are 
constantly hybridizing and changing. I am 
told that Marquis wheat yielded 40 bu/A 
in South Dakota in 19 16. That is still a 
mighty good yield. Today, Marquis 
probably would not yield 5 bu because of 
diseases. We l}ave had to conduct 
research down 'through the years just to 
stay even! 
Times are tough. But times were tough 
during the Civil War days, too, when 
President Lincoln and other leaders 
devised and committed this country to the 
land-grant system of education and 
research. They never expected to see the 
benefits of that benchmark decision. Even 
if we argue there are no Lincolns around 
nowdays, we still have the very same .a 
responsibility to the future and to our W 
children. (continued on page 19) 
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Just another pretty face 
Don't be taken in by her looks. There's 
little connection between appearance and 
the ability to conceive early and easily 
Most cattlemen can appreciate how 
important the proper development and 
selection of replacement heifers are. 
Ideally , you need replacement heifers 
that 1) mature and conceive at a young 
age, 2} carry live calves to term, 3} calve 
with minimal assistance, 4) rebreed 
promptly to maintain a 12-month calving 
interval, 5) wean their calves at a 
satisfactory weight, and 6} do all of this 
with reasonable efficiency. 
replacement heifers. Their decisions are 
typically based on some personal 
selection criteria for femininity. 
By femininity , I mean those visual 
qualities or standards you may feel are 
associated with maternal performance. 
Commonly, things like shape of the head 
or thickness of the neck are involved. 
But are those nice-looking, feminine 
heifers really the best? 
Potentially, those replacement heifers 
represent a valuable source of 
reproductive improvement in your 
breeding herd. Unfortunately, that 
potential improvement has a cost in time, 
money, and management. Therefore, if 
you are to improve your cow herd 
through superior replacements , you need 
to be discriminating in your selection 
methods. 
Judges' subjective scores 
were remarkably inaccurate 
Currently, many cattlemen rely solely 
on visual appraisal to select their 
Researchers in the Animal and Range 
Sciences Department at SDSU conducted 
a 3-year experiment to examine the 
accuracy of selection based on femininity 
for three important measures of 
reproductive efficiency. These three 
measures of reproductive efficiency were 
1} age of the heifer at first estrus (heat), 
3 
Which ones in this little group are good candidates for 
replacement stock? Weed out first by looking , but only to 
eliminate those with obvious physical defects . Once that 's done, 
turn to your record book , where you've written down notes on 
each heifer 's growth rate and where you have a good history on 
other females in her family tree . 
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2) actual conception rate, and 3) number 
of services required to achieve 
conception. If a replacement heifer . 
cannot conceive at a young age in a 
minimal number of services, she has little 
reproductive value to the cattleman. 
All 182 yearling heifers entering the 
cow efficiency study at the Beef Breeding 
Unit in 1980, 1981, and 1982 were 
visually scored for femininity. These 
heifers represented the entire heifer calf 
crop in each of the 3 years from Antelope 
Range Livestock Station near Buffalo. 
They were of diverse breed type and 
included Hereford, Angus x Hereford, 
Simmental x Hereford, Salers x Hereford, 
and Tarentaise x Hereford. 
Judges representing a wide range of 
experience with cattle scored each heifer 
for each trait using their own subjective 
visual guidelines of reproductive 
potential. Scoring was on a scale of 1 to 
9. A minimum of eight judges was used 
each year. 
Actual reproductive performance of the 
heifers was recorded during the 
subsequent breeding seasons. The results 
were compared to the judges' scores and 
evaluated to see how accurately the 
judges predicted actual reproductive 
performance of each heifer. 
The predictive accuracy of all judges' 
femininity scores was very low for all 
traits. The highest accuracy by a single 
judge for a single trait was only 12%. For 
conception, which is probably the most & 
important of the three traits, the highest • ) 
single accuracy was only 5%. No judge 
had consistent accuracy across all three 
traits. 
Averages for all 3 years showed a 
minus 2 % accuracy of femininity scoring 
in selecting for age at first estrus. This 
means there was a very slight trend for. 
our judges to give better scores to heifers 
older at first estrus. They were selecting 
in the wrong direction so their accuracy 
was essentially 0%. 
Accuracy of femininity scoring for 
number of required services and 
conception rate averaged 1 and 0% for 
the 3-yr period. 
It appears from these results that 
visual appraisal of femininity of yearling 
heifers is a poor predictor of 
reproductive efficiency. 
Don't choose by looks alone; 
keep records on replacements 
Little, if any, relationship seems to 
exist between the physical appearance of & 
a heifer and her ability to conceive at a WI 
young age in a minimum number of 
services. Producers who select their 
replacement heifers using visual 
standards only may be well advised to 
find other bases for their selection. 
Certainly, it is always important to 
consider structural soundness or freedom 
from physical defects when selecting 
breeding animals. But visual appraisal is 
not a substitute for accurate records of 
growth and reproduction of a heifer and 
her close relatives. 
Research has shown that selection 
based on these records provides higher 
performing replacements, resulting in 
true genetic progress in the herd. As an 
example, in a Colorado study, equations 
using birth date, actual weaning weight, 
and age at weaning were able to predict 
age at first estrus with an average 
accuracy of 53%. For certain breed 
groups this accuracy ranged up to 66%. 
That's not perfect, but it's much better 
than minus 2 % . D 
The author is Michael Monfore, assistant in the -
Department of Animal and Range Sciences. 
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Not big enough 
Bigger is better in the case of alcohol 
fuels plants, but bigger may mean some 
public policy decisions. Do we make them? 
What do we do about alcohol fuels? 
So far, the venture into alcohol fuels 
has been a disappointment to South 
Dakotans hoping for a new agricultural 
processing industry in the state. In spite 
of various federal and state efforts to 
encourage growth of alcohol fuels 
processing, it just hasn't become a viable 
industry. 
A combination of economic and 
technical problems has frustrated 
supporters. 
Foreign oil output and prices have, at 
least temporarily, stabilized after the 
shocks of the Arab oil embargo in the 
early 70s and the events in Iran and the 
Middle East in the late 70s. Americans 
are conserving, buying less oil than it was 
projected they would. And, to put the cap 
on, in South Dakota most small-scale 
alcohol fuel plants are just not profitable, 
at least now. 
Alcohol fuels case: too much 
investment, too little return 
We have long looked for industries that 
would bring economic stability to our 
state and provide a cushion when our 
agricultural sector comes on bad times. 
5 
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Indeed, the manufacturing and 
processing sector of our economy has 
grown dramatically in South Dakota since 
the mid-1960s. Employment in this sector 
doubled between 1965 and 1979. But, at 
25 ,700 employees, it was still only 11 % of 
non-agricultural wage and salary . 
employment in 1983, says Dr. Tom Dobbs, 
an SDSU economics professor. Dobbs has 
been conducting research on South 
Dakota's rural manufacturing and 
processing, particularly alcohol fuels, for 
the past 6 years. 
With some outstanding exceptions, 
most of the employment growth in 
manufacturing and processing has not 
been in ag and food related areas. 
Alcohol fuels processing seemed a 
" natural" to join the ranks of ag related 
industries in the late 70s and early 80s . 
The hopes of South Dakotans were 
shared by the federal government. In 
early 1980, the U.S. was producing fuel 
alcohol at a rate of approximately 80 
million gallons per year. The federal 
government established national ethanol 
( fuel alcohol) production targets of 50Q 
million gallons per year for 1981 and 2 
billion gallons for the mid-80s. 
The 2 billion gallon figure would have 
been equivalent to 2 % of U.S. gasoline 
consumption and would have required as 
feedstock the equivalent of 11 % of the 
nation's corn crop, according to Dobbs in 
testimony before a subcommittee of the 
South Dakota Legislative Ag and Natural 
Resources Committee. 
By early 1982, U.S. ethanol production 
capacity was approximately 255 million 
gallons, half the 1981 target goal. By 
1982, the expansion rate was falling 
short of targets; ethanol plants under 
construction or definitely planned would 
likely have led to production capacity of 
500 million gallons by early 1983 and 
1,500 million gallons by 1984. 
After a slow start, sales of gasohol (a 
mixture of 10% ethanol and 90% 
gasoline) picked up in 1982 and 1983. The 
increased production capacity, coupled 
with state and federal excise tax 
waivers, caused ethanol to be more price 
competitive with unleaded gasoline at the 
pump than it had been earlier. The 
marketing image was also altered, by 
switches to names like "super unleaded 
gasoline." 
From a rural development standpoint , we would prefer more 
numerous , smaller processing plants scattered about the state . 
We may not have that choice . Even small-scale fuel alcohol plants 
like the one on the SDSU campus are capital intensive , meaning 
t.hey need far more money than labor to get started . 
Most of this expanded ethanol capacity 9) 
and production has come from relatively 
large-scale plants, the kind we don't have 
in South Dakota. Smaller-scale plants 
(producing a million or less gallons per 
year) have encountered many difficulties, 
Dobbs says. 
Several plants that started in South 
Dakota in the past 3 to 4 years have 
either never gone into regular production 
or have ceased operations after a time. 
Technical difficulties which delayed start-
ups for a year or more, coming at a time 
of high interest rates, were fatal to some 
plants. ' · 
The research of Dobbs and fellow 
scientists in microbiology, engineering, 
and dairy science at SDSU with a 
"small" or "community-scale" plant on 
campus shows baseline costs of $1.78 per 
gallon of 185-proof ethanol. Production 
costs, of course, vary with corn prices 
and interest rates-in this case, $2.50/bu 
and 15%. Regardless of such factors, 
costs in small-scale plants tend to be 
higher than in large-scale operations. Al 
Small-scale plants have some potential W 
advantages, Dobbs agrees. They can be 
close to potential users of the feed 
byproduct, for one thing. But these lower 
costs do not presently match the greater 
economy a larger plant can achieve, 
particularly in going that final processing 
step to 200-proof (anhydrous) alcohol. 
Anhydrous alcohol is much easier to sell 
than "wet" (hydrous) alcohol. Small-scale 
plants have frequently experienced 
difficulty producing anhydrous alcohol at 
reasonable costs. 
SDSU economists have calculated that 
185-proof alcohol would be worth 
$1.07/gal when the gasoline it substitutes 
for costs $1.15/gal and when the current 
37 1/2-cent federal income tax credit for 
use of such alcohol is in effect. 
· In comparison, estimated production 
costs range from $1.59 to $2 .30/gal for 
"wet" a lcohol in small-scale plants. With 
certain plant improvements that SDSU 
researchers have worked on, costs might 
drop to $1.20 to $1.30/gal in some cases. 
It would take an unlikely combination 
of favorable circumstances for a small-
scale plant producing ethanol from corn 
to turn a profit today. 
Some large-scale plants have 
presumably been profitable, Dobbs says. 
With the various state and federal excise 
tax exemptions in effect, 200-proof 
ethanol has sold for $1.60 to $1.80/gal 
over the past few years. These prices 
appear to have been sufficiently 
r emunerative to return a profit in at least 
the efficient operations. There are no 
such multi-million gallon per year plants 
in South Dakota. 
The question: how much do 
we want to be involved? 
If small-scale ethanol plants in South 
Dakota can't make it on their own, how 
far are we ready to go to help them? 
That question can encompass other ag 
processing plants, also. Although some 
new processing plants have been 
established and others have grown, there 
has been little or no employment growth 
in this segment of South Dakota's 
economy during the last two decades. 
How far? The question involves our 
perceptions of the role of government in 
private business. It asks how much we 
value diversity in out state's 
economy-enough to tax ourselves, if 
necessary? Would some communities 
benefit a t the expense of others? What 
level of employment would be our target? 
One case example can't answer all 
these questions, but Dobbs comments on 
some of these public policy issues by 
looking again at our recent experiences 
with fuel alcohol. · 
One major issue concerns the role of 
tax and financing inducements to 
encourage growth of a new industry or 
new plants. Grant, loans, and loan 
guarantees for fuel alcohol plants were 
available, until recently, in many forms 
from federal agencies such as the 
Farmers Home Administration, the Small 
Business Administration, and the U.S. 
Department of Energy. Energy r elated 
investment tax credits have also been 
available. 
The most significant inducements, 
however , have been the waivers of 
portions of the state and federal excise 
taxes on road fuel containing at least 
10% ethanol, Dobbs says. 
Exemptions on gasohol are presently 
$.05/gal of the federal excise tax (out of 
the $.09 applicable to gasoline) and 
$.04/gal of the South Dakota excise tax 
(out of the $.13 applicable to gasoline). 
The total exemption is $.09/gal of 
gasohol-or $.90/gal of ethanol, since only 
one gallon of ethanol is needed to satisfy 
the 10% requirement for 10 gal of 
gasohol. 
Because of separation problems, 
ethanol must be essentially anhydrous to 
be mixed with gasoline for gasohol. 
Therefore, in lieu of the federal excise 
tax exemption on gasohol, federal income 
tax credits are available for use of 
straight alcohol. The credit varies with 
proof level of the alcohol. It is currently 
37 1/2 cents/gal for 185-proof alcohol, the 
type considered in SDSU economic 
analyses, and $.50/gal for alcohol of at 
least 190 proof. There is no subsidy at 
the state level in South Dakota for "wet" 
alcohol. 
The analyses of Dobbs and his 
colleagues Ardelle Lundeen and Randy 
Hoffman show that the income tax credit 
on "wet" alcohol is not enough to make 
small-scale alcohol plants profitable at 
the present time. In contrast, federal and 
state excise tax waivers (which total 
$.90/gal in South Dakota and some other 
7 
states) have been critical to the 
development of large-scale plants. 
The trade-off: subsidy for 
chance of better corn price 
8 
As a state, we forego some tax revenue 
to support alcohol fuel production, of 
which we have so far had little. How can 
that benefit us? 
There are economic trade-offs that 
must be weighed, says Dobbs. 
Sales of gasohol within South Dakota 
from July 1982 to May 1983 totaled 16.5 
million gallons, roughly 18 million gallons 
on a yearly basis. At $.04/gal of state 
excise tax waived, $720,000 of highway 
taxes were foregone. This is equivalent to 
about 1 % of the South Dakota excise 
taxes collected annually on gasoline and 
gasohol. 
The ethanol in gasohol sold in South 
Dakota has come primarily from outside 
the state, since no plants of any 
significant size have recently been 
operating here on a regular basis. 
Consequently, the tax revenue we are· 
foregoing for highways is not directly 
supporting South Dakota alcohol 
production either. 
However, explains Dobbs, since corn is 
bought and sold in national (and 
international) markets, ethanol production 
elsewhere at least indirectly supports the 
demand for South Dakota corn. The 
gasohol sold annually in South Dakota 
requires about 690,000 bu of corn as 
feedstock, or the equivalent of 4/10 of 1 % 
of a typical South Dakota annual corn 
crop. Viewed another way, the highway 
revenues lost come to $ .04 for every 
bushel of corn grown in the state. 
South Dakota policy makers will need 
to decide whether this subsidy to ethanol 
production elsewhere has adequate 
prospects of increasing corn prices in 
South Dakota and/or enhancing in-stat£ 
ethanol production. Are these prospects 
sufficient to warrant its continuation? 
Another decision that may have to be 
made is whether to encourage large- or 
small-scale ag processing plants. Many 
plants producing durable goods (and some 
producing non-durable goods) that have 
started up in South Dakota in recent 
years are relatively small and 
decentralized, says Dobbs. They require a 
good deal of labor relative to capital, and 
are suited for small and medium sized 
towns. 
In contrast, many plants which process 
agricultural products exhibit substantial 
economies of size and need a great deal 
of capital relative to labor. This seems to 
be the case at present for alcohol fuels. 
While numerous small plants are often 
preferred from a rural development 
standpoint, Dobbs says, economic factors 
may make this difficult for some types of 
ag processing. Ultimately, we may have to 
· focus on developing one or a few 
relatively large processing plants in the 
state in some cases. 
In the case of alcohol fuel production, 
we may be able to develop feedstocks 
other than corn. SDSU researchers are 
now exploring such alternatives. 
The future: identify our 
'targets of opportunity' 
Finally, we have to realize in advance 
that not all "possibilities" will eventually 
materialize. 
Dobbs feels that we need to look 10 to 
20 years down the road at ag processing 
"targets of opportunity." Having 
identified "targets," we need to put in 
place research and development 
strategies for achieving these targets. 
Even with the best planning, research, 
and development efforts, however, some 
targets will not be reached because of 
unforeseen technological and economic 
factors. 
But if we fail to look ahead to identify 
and exploit "targets of opportunity," says 
Dobbs, we likely will have greater costs, 
not only in the form of missed 
opportunities, but also in misdirected 
capital investments. 
We have to decide what will be good 
for South Dakota. We all have a stake in 
the results of economic development. 
When it comes to economic decisions , we 
all are "public policy makers." D 
The writer is Mory Brashier, publications editor in the 
Ag Communications Office. More details on SDSU 
research on rural manufac turing, processing, and fuel 





Keeping weevils down 
They do their damage to heads but live 
most of their lives In the soil. Seems 
we should be able to keep them down there 
Two seed weevils cause damage in 
South Dakota sunflower fields every year. 
The red seed weevil and the gray seed 
weevil have always been around on wild 
sunflowers. But by 1981, both.had 
increased to the point that 70% of all 
sunflower acres in the state were being 
chemically treated, at a cost of nearly $3 
million. In 1982 and 1983, treated acres 
exceeded 80%, with approximately 20% 
requiring two insecticide applications. 
Ever since the weevil began reducing 
sunflower production in Illinois and 
Missouri in the 1920's, attempts at 
control have primarily been confined to 
chemical methods, and that only on 
adults. But seed weevils spend 10 to 11 
months of their life cycle in the soil in the 
9 
The light area in this sunflower seed is what's left after a weevil 
larva hatched. A seed that 's been a weevil nursery can be about a 
third less in weight and 25% less in oil content after the larva 
tunnels out and drops to the ground . 
larval and pupal stages. It makes sense to 
see if weevil larvae in the soil are 
vulnerable and can be controlled. 
Seed weevils overwinter in the soil 'in 
the larval stage in South Dakota. Larvae 
pupate in late June and emerge from the 
soil as adults from early July through 
August. Adults then mate and the female 
lays eggs in developing sunflower seeds. 
Eggs hatch in one week into larvae. 
Larvae then feed on the meat of the seed, 
consuming a third to a half or more of the 
meat before tunneling out and dropping to 
the ground. Larvae then tunnel 1 to 3 
inches into the soil, where they 
overwinter. 
If larvae in the soil are truly 
vulnerable, perhaps some form of tillage 
could reduce their numbers. 
Two tillage treatments 
reduced weevil numbers 
10 
In 1980/81 a field that had borne a 
sunflower crop heavily infested with seed 
weevils was partitioned off to receive 
four types of tillage in the fall and spring. 
The types were moldboard plow, disk, 
chisel plow, and nobel blade. Fall tillage 
was performed on November 4, 1981, at 
the James Valley Research and Irrigation 
Adult weevils emerge from the soil in July and August ; after 
mating the female lays her eggs in developing sunflower seeds . 
Most control has been by spraying, which has to be confined to 
the short period the weevils are adults. 
Center near Redfield, and spring tillage 
on April 15, 1981. 
Three tillage treatments were employed 
during 1981/82: moldboard plow, disk, 
and chisel plow. Fall tillage was done on 
November 6, 1981, and spring tillage on 
.April 26, 1982, on a field near White. 
In both yea:r;s, all study plots were 
sampled following tillage with a 4.5-inch-
diameter soil probe to determine the 
depth of the larvae after they had been 
moved about in the soil by the tillage 
operation. 
In both years, more than 90% of the 
weevil larvae in the untilled plots were at 
the 0- to 3-inch depth. Tillage with the 
disk or nobel blade did not move the 
larvae much deeper into the soil. 
The chisel plow moved 26.6 and 21.9% 
of the larvae below the 3-inch depth in - ~ 
1981 and 1982 respectively. The • 
--
moldboard put 81.4 and 50.4% below 3 
inches. 
Traps were placed in the fields in June 
of both years to collect adult weevils as 
they emerged from the soil. Each tillage 
was evaluated according to the number of 
weevils trapped over each treatment. 
Moldboard plowing in the fall or spring 
reduced adult emergence 39 and 36.4% 
respectively in 1981 and 56.1 and 29.1 % 
respectively in 1982, when compared to 
the untilled plots. Spring chisel plowing 
reduced emergence by 31.9% in 1981. In 
1982 , fall chiseling reduced emergence by 
21.2 % compared to the untilled, and 
spring chiseling by 38.8 %. The other 
tillage treatments did not significantly 
reduce emergence. 
Early planting can aid 
crop escape weevils 
Seed weevils are attracted to sunflower 
heads while they are in bloom. The 
females require a pollen diet before they 
can lay eggs. Egg laying follows seed 
filling from the edge to the center of the 
head, and adults are no longer a ttracted 
to the head after pollen is depleted and 
achenes are hardened. 
This means that sunflowers which 
complete bloom before weevils appear in 
late July will not be damaged. Emergence 
patterns in 1981 and 1982 showed that 
over 50 % of the weevils emerged from 
the soil after August 1. 
Consequently, planting date may be 
another means of controlling the weevils. 
At the Watertown and Redfield 
experiment stations in 1982, two 
sunflower varieties (an early maturing 
Sigco 432 and standard maturing Sigco 
894) were planted on three different -
dates at 2-week intervals. Plots were 
evaluated by calculating the percentage 
of seeds infested by seed weevils for each 
hybrid and date . 
Tables 1 and 2 show the results. They 
indicate that early planted and early 
maturing varieties do have the potential 
to decrease losses caused by sunflower 
seed weevils. 
Table 1. Date of planting influence on seed weevil 
infestations (Watertown, 1982). 
Mean percent of 
Hr.brid Date elanted seed infested 
Sigco April 28 3.4 
432 May 15 19.8 
June 1 28.6 
Sigco April 28 7.5 
894 May 15 21 .3 
June 1 38.9 
Table 2. Date of planting infuence on seed weevil 
infestations (Redfield , 1982) . 
Mean percent of 
H'i_brid Date {]_/anted 
Sigco May 1 
432 May 15 
June 1 
Sigco May 1 
894 May 15 
June 1 
Tillage uncovered more questions, 








So there may be some help for growers 
who have seed weevils in their 
sunflowers. These results mostly, 
however, point the way to future 
research. 
It does seem that type of tillage 
following sunflowers has an effect on 
weevil populations the following year. 
Perhaps the covering effect of the 
moldboard plow is responsible. This may 
not be the only factor , because chisel 
plowing resulted in similar reductions in 
populations without moving the larvae 
substantially deeper into the soil. Perhaps 
other factors (aeration, drying, physical 
damage to larvae resulting from tillage, 
and temperature of the soil) are also 
important and deserve future 
investigation. 0 
The writers are J. V. Gednalske and D.D. Walgenbach. 
research associate and professor, both in the Plant 
Science Department. 
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Energy vs. runoff 
Water lost can wipe out dollars saved 
with low-pressure sprinklers, unless 
you change your field management, too 
12 
Put two or more South Dakota 
irrigators together and pretty soon 
they're talking about energy costs and 
how to cope with them. 
They will be absolutely serious. Energy 
costs have skyrocketed as much as 400% 
since the mid 70s. And it takes a lot of 
power to move irrigation water from its 
source to the field and to pressurize it to 
the 65 to 80 psi required for the sprinkler 
packages most farmers have. A good 
share of the profit an irriga tor used to 
pocket is now sent to his electrical co-op 
or fuel dealer. 
Most irrigators will not or can not 
consider going back to dryland farming. 
They have become accustomed to 
stabilized production in areas that of ten 
see more dryland crop failures than 
successes. They have invested in the 
equipment and machinery to operate 
irrigated land. And in many cases they 
have already signed contracts to buy a 
certain amount of electricity each year. -
--
But they can make some management 
adjustments. The first thing they will 
think of is how to increase net return. Net 
return rises when the value of the crop 
rises, either through greater yield or 
when the operator switches to high-value 
speciality crops. Net return also 
increases when input costs decrease. 
While other research at SDSU focuses 
on agronomic answers, we have worked 
at decreasing input costs. One popular 
option is low-pressure sprinklers, which 
use much less energy than the sprinklers 
installed on most farm systems. 
If a half million acres were developed 
using medium-pressure systems (25 psi) at 
today's costs, about $9 million/year could 
be shaved from the costs to irrigate those 
acres with high pressure. 
This is only true if runoff does not 
increase. Runoff can wipe out any savings 
in energy costs that might be gained. It is 
wasted water and wasted energy. It can 
cause erosion. But if we can lick runoff, if 
low-pressure packages can be made to 
operate as well or better than 
conventional sprinklers, the cost savings 
can go into the farmer's pocket instead of 
to his energy supplier. 
Changed application rate goes hand 
in hand with changed tillage practices 
How can an irrigator get that 
expensive water into the soil and used by 
the crop? There are three ways to guard 
against runoff losses. 
He can depend on application rate 
alone, applying water no faster than the 
soil can absorb it. This is a leftover 
approach from the days of cheap energy, 
high-pressure sprinklers, and 
conventional tillage. Or he can switch to 
tillage methods that will speed up 
infiltration. Or he can trap or hold water 
on the surface of the soil longer. This 
does not increase infiltration rate, but it 
does keep the water from running off 
before it has time to soak in. 
A typical center pivot with 
conventional sprinklers must pump 900 
gallons per minute to apply one inch of 
water in the 2½ days it takes to complete 
a circle. That comes to .4 inch/day. South 
Dakota corn in July and August can use 
that much water and more in a day. 
A system like this would have a · 
specific capacity (the amount of water 
discharged per foot of system) of 1.2 
gpm/ft near the outside of the circle 
where water is applied the fastest. The 
average application rate under a center 
pivot depends on the wetted diameter of 
the sprinkler package (the distance the 
water pattern spreads out in front and 
behind the system), and the specific 
capacity. The application rate increases 
as specific capacity increases and/or 
wetted diameter decreases. 
A conventional 125-A system with high-
pressure sprinklers having a wetted 
diameter of 125 ft and a specific capacity 
of 1.2 gpm/ft would have an average 
application rate of about 1.3 inches/hr. 
At the same specific capacity but with 
a 10-psi nozzle, the wetted diameter could 
drop to 38 ft, increasing average 
application rate to about 4.3 inches/hr. 
That's like a one-inch rain in less than 15 
minutes. If the soil cannot absorb water 
this fast, runoff will occur. Some places 
in the field are going to be too wet and 
some too dry. 
In South Dakota, a majority of the 
irrigated and potentially irrigable soils 
are medium textured and gently rolling. 
Runoff losses on these soils are more 
likely than in areas with flat and/or sandy 
soils. Many of our soils also have 
windblown (loess or glacial drift) surface 
layers. Windblown material is poorly 
sorted for size (most particles are similar · 
in size). This makes them prone to seal or 
form surface crusts under certain 
conditions. Infiltration rate drops even 
more, and runoff becomes worse. 
But what rate and what tillage? 
It's our job to find combinations 
If our irrigator is going to put low-
pressure sprinklers on his system, he 
better do it for all the right reasons. Like 
any irrigation setup, the new system must 
match the crop's water needs in the 
hottest, driest part of the summer. His 
soils must accept and hold the water. 
And he must have calculated the costs 
and reasonably expect energy savings to 
outweigh the costs of the installation and 
any different tillage operations he may 
have to do. 
1 3 
The best primary tillage was tandem disking. Without IRT it 
reduced runoff better than either plowing or ridge planting. A 
combination of disking with I RT (a flat soled straight shank 10 to 
14 inches deep down the corn rows after the last cultivation) was 
the best treatment in the study to hold runoff water. 
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We went through essentially the same 
planning process when we set up several 
types of low- and medium-pressure 
sprinkler packages under "on-farm" 
conditions. We wanted to get an idea of 
how much runoff a farmer could expect if 
he used a certain type of sprinkler and to 
find out if the runoff was caused by the 
water being applied too fast or because 
surface sealing was occurring, or ·both. 
Most of all, we wanted to develop an_q. 
test techniques to bring runoff to 
acceptable levels when low-pressure 
packages are used. 
We found a cornfield owned by Eldore 
Holzwarth near Gettysburg, purchased an 
irrigation system, and modified it to do 
our work. 
It's not just any irrigation system. It 
isn't bragging to say it's just about the 
most versatile and most advanced system 
in the world for field-scale testing of 
sprinklers and tillage combinations. 
Certainly it is an engineering marvel; 
we can tinker with just about every item 
on it. It is a 600-ft long (four tower) 
Valley Linear, exactly like a center pivot 
except that it moves straight down the 
field and receives water through a drag 
hose. It has more than the usual quota of 
sprinklers on it, and we are able to 
change from one kind to another quickly. 
Since we wanted conditions to be like 
those under the outside span of a center 
pivot (where most runoff occurs), we set 
the discharge rate of all sprinklers at 1.2 
gpm/ft, approximately the specific 
capacity of the outside span of a 1320-ft 
center pivot operating at 900 gpm. 
Pressure regulators were used so we 
could test sprinkler packages side by side 
( one span with 6 psi sprinklers, the next 
with 25 psi, one with high-pressure, etc). 
The field was a Lowry silt loam, 1;)1 
medium in texture, but, since it developed "" 
from loess, prone to surface sealing. 
Slopes ranged from 2 to 6%. 
On most of this field, we disked once 
prior to planting with a large bladed 
tandem. No other tillage was used before 
planting. All equipment was farm-size. 
Fertilizer, herbicide, and insecticide we're 
applied "by the book"-according to soil 
tests and SDSU recommendations. 
Irrigations were scheduled when average 
. readings of tensiometers placed 18 inches 
deep reached 30 to 35 centibars. 
Runoff varied from O to 
30% of the water applied 
In 1981, six types of sprinklers were 
tested. On half of the area under each 
sprinkler we ran a flat soled straight 
shank 10 to 14 inches deep between the 
rows a fter the last cultivation. This inter-
row tillage (IRT) is designed to increase 
the soil's infiltration rate. The 1981 yields 
did not differ, although soil moisture 
increased and runoff decreased 
substantially where IRT was used (Table 
1). The IRT plots became a little too wet 
and the check plots a little too dry. This 
balanced out in equal yields. 
In 1982, we threw out some sprinklers 
and added some others. In addition to 
using IRT, we built some dikes across the 
corn rows in some areas to prevent all 
runoff (no-runoff checks), and used a 
commercially available non-ionic 
surfactant (a product that is supposed to 
make your water wetter) in others. The 
no-runoff checks with hand constructed 
dikes became very wet, reducing yields. 
The IRT plots were about right for 
moisture, and the plots receiving normal 
management or the surfactant became 
dry enough to reduce yields (the water 
ran off instead of soaking in). 
In 1983, we changed one sprinkler 
package. The spray nozzles on booms 
worked about the same in terms of runoff 
as the square-orifice impact sprinklers 
(CDS), so we felt more could be learned 
from trying a new package. 
We chose what is considered the 
ultimate in low pressure, a 6-psi spray 





constructed micro-dike treatment. to the crop canopy. This minimizes the 
effects of wind. It also has a high 
application rate since it has very low 
pressure and operates close to the 
ground. A deeper IRT (18 to 20 inches) 
was added, as was a machine 
The machine constructed micro-dikes 
were made with commercially available 
dikers attached to the rear of the 
cultivator. It was not possible to set the 
machine to construct dikes sound and/or 
Table 1. Runoff losses under various sprinkler packages as affected by subsurface inter-row tillage and other soil treatments. Do not compare 
yield data from the different years. · 
1981 
(Measurements taken during 10 irrigations with a total of 10.3 inches of water appl_led.) 
Sprinkler package Inter-row tillage Check No-runoff check Wetting agent 
(surface runoff in %) 
Low-angle impact (50 psi) 1 14 
Rain-Bird CDS (25 psi, square-orifice impact) 4 23 
Vortex ·traindrop) (20 psi) 10 24 
Spray 360° (20 psi, flat-smooth plate) 7 31 
Spray 360° (6 psi, on 45-ft boom, 9 32 
flat-smooth plate) 
Spray 360° (6 psi, flat-smooth plate) 15 32 
1981 Average 
Runoff(%) 8 26 
-
Yield (bu/A) 202 202 
1982 
(Measurements taken during 16 irrigations with a total of 14.5 inches of water applied .) 
Sprinkler package Inter-row tillage Check No-runoff check Wetting agent 
(surface runoff in % ) 
Low-angle impact (50 psi) 1 15 0 
Rain-Bird CDS (25 psi , square-orifice impact) 4 20 0 
Spray 360° (15 psi , on 45-ft boom, 4 21 0 22 
concave serrated plate) 
Spray 360° (15 psi, concave serrated plate) 7 29 0 28 
1982 Average 
Runoff (%) 4 21 0 25 
Yield (bu/A) 203 193 193 194 
1983 
(Measurements taken during 12 irrigations with a total of 11 inches of water applied.) 
Sprinkler package 
Low-angle impact (50 psi) 
Rain-Bird CDS (25 psi, square-orifice impact) 
Spray 360° (15 psi , concave serrated plate) 
Spray 360° (6 psi, on adjustable drop, 



















No-runoff check micro-dikes 



















Inter-row tillage: Flat, solid, straight shank operated 12 to 14 inches deep between each corn row following the last cultivation (6· to 8-leaf stage of growth 
in late June). 
Check: Normal management (one tandem disking prior to planting). 
No-runoff check: Dams or dikes were hand constructed at 3-ft intervals between corn rows. This holds surface ponded water in place until it can infiltrate. 
Wetting agent: Commercially available non-ionic surfactant claimed to increase infiltration (applied at recommended rate and time) . 
Machine micro-dikes: Small dams or dikes constructed across the corn row at intervals of about 3 ft, using an attachment behind the cultivator. 
Deep inter-row tillage: The I RT tool was operated at a depth of 18 to 20 inches instead of the normal 12 to 14. 
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No machine in the world surpasses our very own SDSU 
" Christmas tree" for field-scale testing of sprinkler and tillage 
combination . The " ornaments" were the sprinklers, and we could 
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deep enough to hold under all 1983 
conditions. The runoff from plots where 
breakout occurred, in general. exceeded 
runoff from check plots because flow was 
channeled by the dikes. Breakout was 
more likely to occur as slope and/or water 
application rate increased. This tool is 
presently being modified to work better 
and will be used again this year. 
Deep IRT reduced yields significantly in 
30-inch rows. This was not due to soil 
moisture or runoff effects, but probably 
to physical damage to the plant or roots. 
This never happened when the machine 
was operated 12 to 14 inches deep. The 
yields from the other treatments were 
a bout the same in 1983. 
The summary of results in Table 1 
should be used to compare runoff, not 
yields. The numbers of most interest to an 
irrigator considering low-pressure 
sprinklers are those showing the runoff 
that will occur if he tries to maintain 
adequate soil moisture. 
Since plots where a great deal of 
runoff occurred were dry and ones where 
no runoff occurred were very wet 
(sometimes too wet) the yield responses 
on this study may be hard to interpret. If 
the field had been watered only when the 
plots with the least runoff needed water, 
hang them just about any place we wanted , ending up with a tree 
decorated with all low-pressure , all high, or a combination . 
there would have been very distinct yield 
reductions on plots with much runoff. 
Want to cut runoff loss? 
We suggest IRT technique 
At this point, some conclusions can be 
drawn. The IRT operation is the best 
method of those tried for reducing runoff 
losses. It consistently cuts runoff by at 
least 50%. 
The very high application rates under 
some of the low-pressure packages 
caused excessive runoff even when IRT 
was used. The runoff numbers speak for 
· themselves. 
The micro-diking technique has 
potential, but we don't know enough yet 
a bout dike height and spacing to make 
recommendations. These types of 
machines were used on dryland fields in 
Kansa s, Oklahoma, and Texas during the 
40s and 50s. They lost favor because of 
the difficulty they caused in harvesting 
with the small equipment used in those 
days but give present-day combines no 
trouble. 
An interesting trend is beginning to 
emerge. For 5 years prior to 1981, this -
field was spring plowed and then planted 
-to corn and irrigated with a big gun. A 
disk (tandem one-pass) has been used in 
the spring for the last 3 years, leaving 
much more residue on the surface. 
It appears that runoff is decreasing 
with time under the sprinklers that have 
been used all 3 years. It is difficult to tell 
at this time, but it is possible that the 
large volume of residue left on the 
surface each year is beginning to stabilize 
the surface structure and reduce surface 
sealing, at least to a certain extent. 
We had expected this, so on another 
area of the field we have been doing a 
primary tillage study. Portions are plowed 
each spring; others are disked , and others 
are ridge planted. Some of the areas are 
treated with IRT, others are not. A low-
pressure sprinkler package is used to 
apply water. 
In terms of runoff, the primary tillage 
study favors the one disking operation if 
IRT is not used. Plowing and ridge 
planting with no IRT was much worse. 
The IRT operation significantly reduced 
runoff on all types of tillage. The best 
treatments were disking and ridge 
planting with IRT. 
The runoff for ridge plant with no IRT 
was equal to the plowing, but the soil 
remained moist. The higher soil moisture 
evident on the ridge planted area as 
compared to plowed or disked plots 
where no IRT was used probably stems 
from surface shading effects and less 
moisture loss since the soil was not 
disturbed. Management problems caused 
by water moving from one area of the 
field to another makes ridge planting with 
no IRT unacceptable even though yields 
are not reduced. 
Yield increases are a bonus; 
real benefit is saved energy 
Runoff losses when low-pressure 
sprinklers are used on most sloping soils 
in South Dakota can easily offset the 
energy saved. This is due to management 
problems, pontetial yield reductions, 
and/or the increased costs of pumping 
more water to the field . This is especially 
true in areas with high lifts. When IRT is 
used, low-pressure sprinklers look 
feasible from a pumping cost standpoint. 
Yield increases from IRT are a bonus, 
since in most cases if slopes exceed 2 % 
Table 2. Primary tillage study results, average yield and 
runoff, Gettysburg, 1981-1983. 
Primary Inter-row tillage 
tillage (12-14 inches deep2 Check 
Plow 
Runoff (%) 12 27 
Yield (bu/A) 178 . 163 
Disk 
Runoff (~) 6 17 
Yield (bu/A) 182 172 
Ridge plant 
Runoff(%) 9 25 
Yield (bu/ A) 181 180 
the reduction in runoff will pay for the 
cost ·of the operation. Even under the 
high-pressure (50 psi) sprinklers, there 
was an average savings of at least 1.2 
inches of water. The savings in pumping 
costs (270 ft of lift) offsets the estimated 
$4/A costs (fuel, labor , and the tractor 
and tillage tool) of IRT. Where lower 
pressure packages were used, savings 
were more dramatic. 
If you are already operating a high-
pressure system, do some careful 
checking before deciding to go low 
pressure. Retrofitting an existing system 
may be costly and sometimes difficult. 
Any potential savings may be eaten up if 
motors and pumps must be changed. But 
if you are planning new irrigation 
development or it is time to replace a 
pump, motor, or sprinklers, consider 
using some form of reduced pressure 
package-if you're willing to adjust your 
field management. 
The bottom line is to approach reduced 
pressure sprinklers as you would any 
other major decision. Call on us for 
advice if you are not positive they will 
work on your soils with the management 
you plan to use. We don't have all the 
answers. However, with this research, 
our lab studies of droplet effects on 
surface sealing, and planned studies on 
methods of runoff reductions in irrigated 
nonrow crops, SDSU will have as many or 
more answers than anyone else. D 
The authors are Dwayne Beck, assistant professor in 
the Plant Science Depa rtment and manager of James 
Valley Agricultura l Research and Extension Cente r at 
Redfield, and Darrell DeBoer, professor in the 
Agricultural Engineering Depar tment. 
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Research notes 
Milk response holds up 
with high-moisture corn 
Milk response is not affected 
when high-moisture corn is 
substituted for dry corn in a 
complete mixed dairy ration. 
One ration fed at SDSU 
consisted of 55.5% corn silage, 
16.9% alfalfa haylage, 23% 
high-moisture corn, and 4.6% 
protein, mineral, and vitamin 
premix (PMV). A second ration 
was 57.4% corn silage, 17.5% 
alfalfa haylage, 20.5% dry corn, 
and 4.6% PMV. Cows were fed 
for 15 weeks. 
Disadvantages of feeding high-
moisture corn include the cost of 
a silo and possible heating 
and/or molding in the corn. 
Weigh them against the 
advantages in harvesting early 
and elimination of drying costs. 
Later maturing, higher 
yielding varieties can also be 
used, and leaves and stalks are 
fed along with the grain. 
Researcher: Howard H. 
Voelker, professor of dairy 
science. 
Tags take out 
horn flies 
Range cattle can be 90-100% 
horn fly free. 
Last summer, 1,000 range 
cattle wore ear tags impregnated 
with either fenvalerate (Ectrin 
tags from Diamond Shamrock) or 
permethrin (Y-Tex from Guard 
Star and Atroban by Burroughs 
Welcome). The 90-100% 
reduction in horn flies after 60 
days lasted as long as 125 days. 
Not all animals have to wear 
two tags; not even all animals 
have to be tagged. One 
permethrin tag in one half of a 
herd gave 94-99% horn fly 
control. 
The tags also reduce face flies 
and pink eye, but they are not 
effective against stable flies. You 
will need to restrain the animals 
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and replace tags annuallv. 
Researchers: Paul H. Kohler, 
professor of animal and range 
science, Lowell Blome, 
superintendent of Cottonwood 
Field Station, and cooperating 
ranchers Kelly Fees, Garland 
Kampfe, Tim and Greg Weber, 
Maurice Fite, Vint Williams, and 
Vern Omdahl. 
Less water helps 
herbicide activity 
Lower spray volume (water) 
enhanced activity of several 
postemergence herbicides on 
foxtails . 
Two experimental compounds, 
Fusilade, Paraquat, and Roundup 
were sprayed at five volumes 
(from 2.l>. to 40 gal/A) at a .12 
lb/A rate. A .5% volume per 
volume concentration of nonionic 
surfactant was added to all 
except Fusilade (applied with 
crop oil concentrate) and one of 
the experimei;ital compounds. 
Foxtails were checked 2 weeks 
later. 
Although performance varied 
between two locations and 2 
years, a general trend indicated 
that lower spray volumes 
enhanced activity. 
Paraquat, however, attained 
better control when higher spray 
volumes were used. 
All herbicides performed 
poorly when foxtails were under 
moisture stress at the time of 
application. 
Researchers: Reed Froseth, 
graduate student, and Eugene 
Arnold, professor of the Plant 
Science Department. 
If you limit feed, 
keep energy level up 
You can limit the feed for 
replacement heifers to cut feed 
cost, but you will have to 
increase energy levels if you 
expect to maintain adequate 
gains. 
Crossbred heifers were placed in 
three groups for 144 days. Group 
I animals, fed .28 Meal 
(megacalories) of net energy per 
pound of feed and fed free-
choice, ate the most but had the 
poorest feed efficiency. Group II 
animals, on the same amount of 
Meal but limited to 13 lb of dry 
matter per day, were more 
efficient than Group I but had 
the lowest rate of gain. 
Group III heifers, on .36 Meal 
plus 13 lb of dry matter, had the 
best total gain, average daily 
gain, and feed conversion. They 
also had the lowest feed cost per 
pound of gain. 
Researchers: Leroy Ben Bruce, 
assistant professor, and Herley 
Miller, associate professor, 
Department of Animal and Range 
Sciences, and Albert Dittman, 
manager of the James Valley 
Research and Extension Center 
where the trials were conducted. 
1983 weaning 
summary ready 
Now available from SDSU is a 
summary of the 1983 weaning 
performance of the Antelope 
Range Livestock Station beef 
cattle. 
This summary lists calf 
weaning weight averages by sex 
of ·calf, breed of dam, and breed 
of sire. Sire breeds represented 
include Tarantaise, Polled 
Hereford, Simmental, Angus, and 
Salers. Breeds of dam include 
Simmental-Hereford cross, 
Angus-Hereford cross, and 
straight Hereford. 
Interested persons can obtain 
a copy of this summary or the 
1982 summary by contacting 
Mike Monfore, Animal and 
Range Science Department, 






- {continued from page 2) 
world demand for our commodities may 
tempt us to produce at maximum 
capacity, beyond safe limits, jeopardizing 
our delicate balance with our 
environment. Without research as a 
backup, a year of bad weather, a virulent 
new disease, or even today's attitudes 
and technologies could spell ruin. 
Research has always helped us define our 




Thirty years ago there were predictions 
that said our population would be 4.2 
billion today. They were right. 
These predictions also indicated that 
we would have a worldwide food 
shortage. That's almost right, too. 
Distribution, trade barriers, and other 
factors tend to create surpluses, while 
people go without food. 
We can expect tomorrow and the rest 
of the decade to be full of major changes 
for U.S. and South Dakota agriculture. 
Some of the barriers to international 
trade will come down. But increased 
It's no good just waiting for tomorrow. 
No matter how tough things are today, we 
must continue our support of agricultural 
research. Here at the South Dakota 
Agricultural Experiment Station, you can 
count on us doing our part. We anticipate 
tomorrow. D 
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